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OH-BDE85 clearly being the more cytotoxic of the two.
Cell cycle effects of OH-PBDEs
Flow cytometric analysis of cellular DNA content was subsequently performed to determine whether the cytotoxic effects of the two OH-PBDEs were accompanied by cell cycle arrest at specific checkpoints. Cell cycle distribution changes were monitored in H295R cells following exposure to 10 µM 2-OH-BDE47 or 2-OH-BDE85 over 24 to 72 h. In the controls, the percentage of cells in the G 0 /G 1 , S and G 2 /M phases of the cell cycle was 60-70 %, 20 % and 10-20 %, respectively. Notably, both compounds (10 µM) caused a significant decrease in the percentage of G 2 /M cells and concomitant increase in G 0 /G 1 cells at 24 h of exposure ( Figure 2) ; however, there was no significant difference noted between the exposed and control cells at 48 and 72 h.
Genotoxicity of OH-PBDEs
Barber et al. (2006) reported increased chromosomal damage in the micronucleus test in MCF7 cells treated with low-dose PBDEs. Recent reports showed that incubation of human neuroblastoma cells with the parental compound BDE-47 induces genotoxicity and apoptotic cell death in a dose-dependent manner (He et al. 2008b) , through the formation of reactive oxygen species (Gao et al. 2008) . To investigate whether the anti-proliferative effects of OHPBDEs were produced via a genotoxic route, we employed the alkaline comet assay. We exposed H295R cells to different concentrations of 2-OH-BDE47 or 2-OH-BDE85 for 12 h.
In the assay, DNA lesions including single strand breaks, double strand breaks and alkali labile sites are detected as an increase in the percentage of DNA in the 'tail' of the comets.
However, we found no prominent tail formation in the treated samples, which was no different from the control ( Figure 3A ). Even at a cytotoxic OH-PBDE concentration (20 µM) there was no significant formation of DNA damage compared to control (P > 0.05; ANOVA).
We could not exclude, however, the possibility that cells repaired any DNA damage formed during the incubation period. Therefore, in a subsequent experiment we compared the DNA damage accumulation in the presence or absence of two DNA repair inhibitors, hydroxyurea and cytosine arabinoside, which inhibit DNA synthesis during excision repair (Martin et al., 1999) . Figure 3B shows the accumulation of DNA damage when H295R cells were incubated with 30 µM hydrogen peroxide (positive control) or 10 µM 2-OH-BDE85 over a 24 h time period. When cells were incubated with 10 µM 2-OH-BDE85 in the presence of the DNA repair inhibitors the slight increase in tail DNA observed at 24 h was not greater than that observed in control cells. Similar results were obtained when cells were incubated with 10 µM 2-OH-BDE47 (Supplementary figure 1) . Importantly, this modified version of the assay also allows the detection of DNA strand breaks and alkali labile sites generated by the excision repair of most DNA lesions. Hence our data suggest that the toxicity of OH-PBDEs in H295R cells cannot be explained by a genotoxic mechanism.
Gene expression profiling
To investigate the toxicological action of the two OH-PBDEs, we incubated H295R cells with 10 µM 2-OH-BDE47 or 2-OH-BDE85 for 24 h, a treatment that severely inhibited cell proliferation (Figure 1 (Table 2) .
Given the analogous chemical structures, it has been anticipated that PBDEs could have similar toxicological properties to TCDD, whose toxic effects are mostly due to alterations in gene expression mediated by the transcription factor AHR. In this study, whilst we observed the induction of 3 dioxin-responsive genes (AHR, CYP1B1 and TIPARP), we did not observe changes in the expression of many well established AHR-responsive genes like CYP1A1, CYP1A2, NAD(P)H dehydrogenase, quinone 1, UGT1A1/6, aldehyde dehydrogenase family 3, member A1 or glutathione S-transferase Ya (Fletcher et al., 2005) . Our results with 2-OH-BDE47 and 2-OH-BDE85 agree with previous observations that both parental compounds (BDE47 and BDE85) have a negligible effect on AHR binding to the dioxin response element and on CYP1A1 and CYP1B1 expression or activity (Chen and Bunce, 2003; Peters et al., 2004; Sanders et al., 2005) .
On the other hand, we show that OH-PBDE-mediated cytotoxicity in H295R cells is accompanied by the induction of genes involved in endoplasmic reticulum (ER) stress response, including those that mediate correct protein folding, cell cycle arrest and cell death/apoptosis. Adrenocortical cells express several pathways of secretory protein
Summary
In summary, the two OH-PBDE congeners tested in the current study were not toxic to adrenocortical cells at < 1 µM. However, both OH-PBDEs were able to inhibit the proliferation of H295R adrenocortical carcinoma cells in a dose-dependent manner in the micromolar range. This was accompanied by a significant cell cycle arrest at G 0 /G 1 . Despite their cytotoxicity, we did not observe the formation of DNA lesions or any evidence of excision repair activity. Instead, our results suggest that ER stress is implicated in the OH-PBDE-mediated adrenocortical toxicity. In particular, OH-PBDEs (10 µM) activate the molecular signature of one of the arms of UPR, namely the PERK pathway. We therefore propose that the bioaccumulation of OH-PBDEs may cause disruption of the adrenocortical secretory pathways via ER stress. Whilst ER stress explains the cytotoxicity of these compounds in vitro, more work is required to establish whether this could result in impairment of the adrenocortical gland in vivo.
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